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1. An apparatus nor measuring spectral information of 
light from at le^st one object (15); said apparatus 
comprising \ 

10 at least one light detecting means (34); and 

at least one transparent body (31) having a front side 
(F) and a back side (B)\ 

15 said front side including:/! 

an entrance surface // X 3 11) having positioned in or 
near thereof at least\ one entrance aperture means 
(30) for receiving light from the at least one 
20 object, and \ 

at least one reflecting surface (312); and 

said back side including: \ 

25 \ 

at least one other reflecting surface (313) for 
reflecting light received fr©m said at least one 
entrance aperture means to \said at least one 
reflecting surface of the front side, and 

30 \ 

an exit surface (314); said ejcit surface being 
arranged in a mutual relationship with said at least 
one light detecting means (34); said detecting means 
being positioned in or near thereof A or positioned at 

35 a distance therefrom, for detecting the reflected 
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light from sai<\ at least one reflecting surface of 
the front side; 

said at least one ot^her reflecting surface of the back 
side, said at least dne reflecting surface of the front 
side, or both, having\ at least one diffractive optical 
element (32) and/or at Veast one focusing means (33); 

said at least one diffrkctive element and said at least 
one focusing means being \arranged so that the transmitted 
light is diffracted befor^j\ being focused; and 

said at least one transparent body being transparent to 
the lights from the object ,\ said other reflecting surface 
of the back side, and saiVl reflecting surface of the 
front side. 

\ 

2. The apparatus according\ to claim 1 wherein the 
apparatus further comprises aberration correcting means. 

3. The apparatus according \o claim 2 wherein the 
aberration correcting means is \ selected from the group 
consisting of an aspheric focusing means, a tilted exit 
surface, an aspheric exit surface, and a combination 
thereof . 

4. The apparatus according to an^y one of claims 1-3 
wherein the front side includes: 

at least one further reflecting surface (312b); and 
the said back side includes: 

at least one further reflecting surface (313b); 
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said further reflecting surfaces being arranged to 
reflect light moA times before being received by the at 
least one focusing means (33), the at least one 
dif tractive means (vJ2), or both. 

5 . The apparatus according to any one of claims 1-4 
wherein the at least one diffractive optical element 
(32), the at least one focusing means (33), the 
reflecting surfaces (312b, 313b) or all, are positioned 
above and/or below they respective surfaces of the front 
side and back sides c^m\e at least one transparent body. 

6. The apparatus according to any one of claims 1-5 
wherein the at least one diffractive optical element (32) 
and the detection means \(34) are arranged in parallel 
planes or coinciding planes^ 

7. The apparatus according^ to any one of claims 1-6 
wherein the entrance surf ace\ ( 311a) and the exit surface 
(314a) are parallel. 

8. The apparatus according to any one of claims 1-7 
wherein the entrance aperturp means consists of a 
rectangular s lit . 

9 . The apparatus according to \any one of claims 1-8 
wherein the entrance aperture mea\is is constituted by an 
optical fiber means. 

10 . The apparatus according to aiW one of claims 1-9 
wherein the at least one diffractiv^ optical element is 
aspheric . 



11. The apparatus according to any o^e of claims 1-10 
wherein the focusing means is aspheric. 

SUBSTITUTE SHEET (RULE 26) 



jiv-v- k n-ta iJi«},. ,rr»>. ^>.tl.. ip-jk. «->m **«i ? .i*»»«i,. s ,M. t ,.™t,. 

1L31 '*2P O O ^ « JL JlJ'J m JU> J3i » U C 



_ PCT/DKOO/00006 
WO 00/40935 



47 



12. The apparatus* according to any one of claims 1-11 
wherein the at Veast one light detecting means is 
positioned at a distance from the surface of the exit 
surface of the at least one transparent body. 



10 



13. The apparatus according to any one of claims 1-12, 
wherein the at least one light detecting means is 
positioned below or abbve the surface of the exit surface 
of the at least one transparent body. 



15 



20 



25 



30 



14. The apparatus accoMng to any one of claims 1-13 
wherein said at least ^|[e\ transparent body is a unitary 
body (31), or a composecM &Qdy (31a, 31b). 

15. The apparatus according to claim 14 wherein said 
transparent body is a compdsed body (31a, 31b) comprising 
a front part, a back part, ahd optionally an intermediate 
part; said front part incorporating said entrance 
aperture means (30), said\at least one dif tractive 
optical element (32) and/or said at least one focusing 
means (33); and said back part incorporating said exit 
face, said at least one dif tractive optical element (32) 
and/or said at least one focusing means (33). 

16. The apparatus according to \claim 15 wherein said 
optionally intermediate part consists of a material 
selected from the group consisting of a low cost 
transparent material, a thermalli stable transparent 
material, and a filtering material, or a combination 
thereof . 



35 



17. The apparatus according to claims 14-16, wherein said 
unitary or composed body is fabricated by means of 
replication. 
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18. The apparatus according to any one of claims 1-17 
wherein said at Aeast one transparent body is covered by 
light absorbing material* 

19. The apparatus \ according to claim 18 wherein said 
light absorbing material has a refractive index identical 
to the refractive index of said at least one transparent 
body. 

20. The apparatus according to any one of claims 18 or 19 
wherein said light absorbing material is coated onto said 
at least one transparent^ body . 

21. The apparatus accorttTittg to any one of claims 1-20 
wherein said light absorbing material is molded into said 
at least one transparent body, 

22. The apparatus according\ to any one of claims 1-20 
wherein said light absorbing material (315) is positioned 
inside said at least one transparent body. 

23. The apparatus according to\ any one of claims 1-22 
comprising at least two spectrometer channels (41a, 41b). 

24. The apparatus according to claim 23 wherein said the 
at least two spectrometer channels We parallel. 

25. The apparatus according to claim 23 wherein said at 
least two spectrometer channels\ are placed in 
continuation of each other. 



26. The apparatus according to any ofoe of claims 1-25 
further comprising at least one reference light source 
(38) for illumination of the object (15)\to be measured, 
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27. The apparatus according to claim 26 wherein said at 
least one reference light source (38) illuminates the 
object (15) in a Reflection configuration. 

28* The apparatus according to claim 26 wherein said at 
least one reference light source (38) illuminates the 
object (15) in a transmission configuration. 

29. The apparatus according to any one of claims 1-28 
wherein said body comprises at least one measuring part 
(41a) for measuring lignt from the object and a reference 
part (41b) for measuring light from the at least one 
reference light source. \l\ 

30. The apparatus according to claim 29 wherein said part 
of the reference light (38) is guided to said reference 
channel (41b) by a guiding p^ate (61). 



\ 

V 

\ 



31. The apparatus according to^ claim 29 wherein said part 
of the reference light (38) L\ guided to said reference 
channel (41b) by optical fiber njeans. 

32. The apparatus according to any of claims 29-31 
further comprising means for removing spectral influence 
of the reference light in the measWed light from the at 
least one object which means communicates with light 
detection means for the at least oAe measuring part and 
with light detection means for the reference part of said 
body. 

33. The apparatus according to any one of claims 1-32 
further comprising a light spot Source (51) for 
illuminating a light spot (53) onto tMe object; and a 
distance sensing means for measuring the distance between 
the object and said entrance aperture mean* 
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34. The apparatute according to claim 33 wherein the light 
spot source is a monochromatic light source, preferably a 
laser or a LED with limited bandwidth. 

5 35. The apparatus according to any one of claims 33-34 
wherein said distance sensing means includes means (52) 
for focusing a light \spot (53) from the object onto the 
spot detection means (44c). 

10 36. The apparatus according to claim 35 wherein the 
focusing means (52) comprises a wavelength bandpass 
filter (63) allowing onhfy passage of light within the 
bandwidth of the light sdtojfi source (51). 

15 37. The apparatus according\ to any one of claims 33-36 
wherein said distance sensing\ means further include means 
for determining the spot size on said spot detection 
means , and/or means for determining the position of the 
imaged spot on said spot detection means (44c). 

20 

38. The apparatus according to any one of claims 33-37 
wherein the said spot detection means (44c) is a position 
sensitive detector or an array detector. 

25 39. The apparatus according to any \one of claims 33-38 
wherein said distance sensing means further include 
distance converting means for converting either the spot 
size or the spot position on the spot \detection means to 
a distance to the object, preferably by geometrical 

30 magnification or by triangulation . 

40. The apparatus according to any one &f claims 33-39 
further comprising means for removing the influence of 
the varying object distance in the measured light from 
35 the object. 
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41. An apparatus for measuring spectral information of 
light from at least one object (15); said apparatus 
comprising 

5 at least one light \detecting means (34); and 
at least one transparent body (31) including: 



10 



15 



20 



an entrance surface (311) having positioned in or 
near thereof at least one entrance aperture means 
(30) for receiving light from the at least one 
object, and 




one or more reflecting surfaces (312,313); and 



an exit surface (51^) ; said exit surface being 
arranged in a mutual relationship with said at least 
one light detecting means (34) positioned in or near 
thereof , or positioned ^at a distance therefrom, for 
detecting the reflected \light from said one or more 
reflecting surfaces; 



25 



said one or more reflecting surfaces having at least 
one diffractive optical element (32) and/or at least 
one focusing means (33); 



30 



said at least one focusing means being arranged so 
that the transmitted light is \dif f racted before being 
focused; 

said at least one transparent body\ being transparent to 
the lights from the object and\ said one or more 
reflecting surfaces, and 



35 said at least one transparent bodyl being composed of 
several parts for measuring light froni several objects* 
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42. The apparatus as claimed in claim 41 wherein the 
several parts foo: measuring light from several objects 
comprise at least\one measuring part (41a) for measuring 

5 light from one or more objects and a reference part (41b) 
for measuring light \from a reference light source, 

43. An apparatus for\ measuring spectral information of 
light from at least \one object (15); said apparatus 

10 comprising 

at least one light detecMAg means (34); 

at least one light spotW Aource (51) for illuminating a 
is light spot onto the at least one object; and 

at least one transparent bodA (31) ; said body including: 



20 



an entrance surface (311 A having positioned in cr 
near thereof at least one\ entrance aperture means 
(30) for receiving light from the object, and 



one or more reflecting surfaces (312,313); and 



25 



30 



an exit surface (314); saidy exit surface being 
arranged in a mutual relation snip with said at least 
one light detecting means (34); \said detecting means 
being positioned in or near thereof, or positioned at 
a distance therefrom, for detecting the reflected 
light from said one or more reflecting surfaces; and 



distance sensing means for measuring the\ distance between 
the at least one object and said entrance* aperture means; 
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said one or mdre reflecting surfaces having at least one 
dif tractive optical element (32} and/or at least one 
focusing means \33); 

a said at least one focusing means being arranged so that 
the transmitted li^ht is diffracted before being focused; 
and 

said at least" one transparent body being transparent to 
xo the lights from thte object and said one or more 
reflecting surfaces , 

44, An apparatus for fftSL^iuring spectral information of 
light from at least on^e object (15); said apparatus 
15 comprising 

at least one light detecting means (34); 



20 



at least one light spot souVce (51) for illuminating a 
light spot onto the at least one object; 



at least one transparent body 



) including: 



25 



an entrance surface (311) having positioned in or 
near thereof at least one entrance aperture means 
(30) for receiving light from the at least one 
object/ and 



30 



35 



one or more reflecting surfaces \{312,313); and 

an exit surface (314); said Ypxit surface being 
arranged in a mutual relationship^ with said at least 
one light detecting means (34) positioned in or near 
thereof, or positioned at a distance therefrom, for 
detecting the reflected light f rom\ said one or more 
reflecting surfaces; 



«™1J Itf^l,. ; 
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said one or ntore reflecting surfaces having at least 
one diffractivte optical element (32) and/or at least 
one focusing m&ans (33) ; 
5 \ 

said at least one focusing means being arranged so 
that the transmitted light is diffracted before being 
focused; and 

io distance sensing means\ for measuring the distance between 
the at least one object and said entrance aperture means; 

said at least one tramroarent body being transparent to 
the lights from the /Inject and said one or more 
15 reflecting surfaces, ang 

said at least one transparent body being composed of 
several parts for measur±ng\^light from several objects* 

20 45. The apparatus as claimed in claim 44 wherein the 
several parts for measuring \light from several objects 
comprise at least one measuring part (41a) for measuring 



25 



light from one or more objects \and a reference part (41b) 

\ 

for measuring light from a reference light source. 

46. A method of measuring spectral information of light 
from at least one object (15) r said method comprising: 

measuring light from at least one\ object by an apparatus 
30 comprising light detection means and at least one 
transparent body as defined in any\ one of the preceding 
claims ; 



said method further comprising: 



35 
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illuminating Vhe at least one object by light from at 
least one reference light source (38); 

simultaneously, \ measuring object light from the 
5 illuminated objects in at least one measuring channel 
(41a) and measuring reference light from the at least one 
reference light scarce in at least one reference channel 
(41b); and 

io removing spectral influence of the reference light in the 
measured light from the object- 



15 



47. A method accordinaVto claim 46/ wherein the spectral 
influence of the refe^ia^ce light in the object light is 
removed by subtracting the measured reference light from 
the measured object light 



20 



48. A method according to\ claim 4 6, wherein the spectral 
influence of the reference light in the object light is 
removed by correcting for changes in the reference light 
compared to a reference measurement taken at a first 
calibration. 



49. A method according to \any one of claims 46-48, 
25 further comprising the steps oi 

illuminating light from a lig£it spot source onto the 
object; 

30 focusing light from the light s\>ot on the object (53) 
onto the spot detection means (4 4c\ ; and 

determining the spot size or the spot position on said 
spot detection means; and 

35 
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determining the \distance to the object/ preferably by 
geometrical magnification or by triangulation. 

50. A method of measuring spectral information of light 
5 from at least one object (15), said method comprising: 

measuring light from kt least one object by an apparatus 
comprising light detection means and at least one 
transparent body as def^j^d in any one of the preceding 
10 claims; 



15 



said method further comprising 



V 



correcting the influence o^ distance between the objects 
and the apparatus on the measure object light; 



said correction comprising measuring said distance by: 

\ 

illuminating light from a litaht spot source onto the 
2 0 object; 

focusing light from the light spot on the object onto the 
spot detection means (44c) ; 

25 determining the spot size or the \ spot position on said 
spot detection means; and 



30 



determining the distance to the abject, preferably by 
geometrical magnification or by triangulation. 



7 



